Analysis of Y-chromosome Variability and its Comparison with mtDNA Variability Reveals Different Demographic Histories Between Islands in the Azores Archipelago (Portugal) by Montiel, R. et al.
doi: 10.1046/j.1529-8817.2004.00146.x
Analysis of Y-chromosome Variability and its
Comparison with mtDNA Variability Reveals Different
Demographic Histories Between Islands in the Azores
Archipelago (Portugal)
R. Montiel,1∗ C. Bettencourt,1 C. Silva,1 C. Santos,2,3 M. J. Prata4 and M. Lima1
1Center of Research in Natural Resources (CIRN), University of the Azores, Ponta Delgada, Portugal
2Unity of Anthropology, Department BABVE, Autonomous University of Barcelona, Barcelona, Spain
3Department of Anthropology, University of Coimbra, Coimbra, Portugal
4Institute of Pathology and Molecular Immunology of the University of Porto (IPATIMUP), Porto, Portugal
Summary
We determined the Y-chromosomal composition of the population of the Azores Islands (Portugal), by analyzing
20 binary polymorphisms located in the non-recombining portion of the Y-chromosome (NRY), in 185 unrelated
individuals from the three groups of islands forming the Archipelago (Eastern, Central and Western). Similar to that
described for other Portuguese samples, the most frequent haplogroups were R1(xR1b3f) (55.1%), E(xE3a) (13%)
and J (8.6%). Principal components analysis revealed a Western European profile for the Azorean population. No
significant differences between Azores and mainland Portugal were observed. However, the haplogroup distribution
across the three groups of islands was not similar (P < 0.003). The Western group presented differences in the
frequencies of haplogroups R1, E(xE3a) and I1b2 (27.3%, 22.7% and 13.6%, respectively) when compared to the
other two groups. An assessment of the NRY variability, and its comparison with mitochondrial DNA (mtDNA)
variability, was further evidence of the differential composition of males during the settlement of the three groups
of islands, contrary to what has been previously deduced for the female settlers using mtDNA data.
Keywords: Y chromosome, haplogroups, binary markers, SNP, Azores Islands, demographic history
Introduction
The Azores Islands (Portugal) are located in the Atlantic
Ocean, 1500 km from the European Mainland. Nine is-
lands, clustered in 3 geographical groups (Eastern, Cen-
tral and Western) form this Archipelago (Figure 1). The
Azores have an area of 2 344 Km2 and a total population
of 237 315 inhabitants, distributed in a very asymmetric
way (134 885 inhabitants in the Eastern group, 98 101 in
the Central, and only 4 329 inhabitants in the Western
group) (INE, 2001).The Islands were discovered, unin-
∗
Corresponding author: Rafael Montiel, Ph.D., CIRN, Depart-
ment of Biology, University of the Azores, 9501-801 Ponta Del-
gada, Azores, Portugal. Phone: ++ (351) 296650111; Fax: ++
(351) 296650100, E-mail: montiel@notes.uac.pt.
habited, by Portuguese navigators in the early 15th cen-
tury. Starting with the islands of the Eastern group, the
process of settlement was initiated by 1439, with main
imports coming from Mainland Portugal and Madeira
Island (Matos, 1989a). Immigrants from other European
regions (Flanders, Spain, Italy, France, England, Ger-
many and Scotland) made up part of the first groups
of settlers but, with the exception of the Flemish, their
overall contribution is thought to be less than that of
the Portuguese groups. An African influence, derived
mainly from the contribution of African and Moor-
ish slaves, is also reported (Matos, 1989b). Further-
more, there is evidence that Sephardic Jews, expelled
from the Iberian Peninsula, also contributed to the peo-
pling of this Archipelago (Mendonc¸a, 1996). Historical
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Figure 1 Geographical location of the Azores. The Archipelago is formed by three groups of islands,
Western (Flores and Corvo), Central (Faial, Pico, Sa˜o Jorge, Graciosa and Terceira) and Eastern (Sa˜o Miguel
and Santa Maria). Source: Geography section, Department of Biology, University of the Azores.
documents, however, are not sufficient to provide accu-
rate information concerning the demographics of set-
tlement, and do not report how these distinct con-
tributions were distributed among the 3 groups of
islands. Genetic characterization of the Azorean pop-
ulation should allow the reconstruction of a more com-
prehensive picture of these processes. Studies using auto-
somal short tandem repeats (STR) markers have shown
that the Azores fit well into the pattern of variation de-
scribed for other European populations. However, signs
of genetic affinities with non-Europeans, namely North
Africans, have been described (Silva et al. in press). Phy-
logeographic analysis of mitochondrial DNA (mtDNA)
from the Azorean population showed a major contri-
bution from mainland Portugal, as well as evidence of
influxes from Northern Europeans, Africans, and Jew-
ish groups (Santos et al. 2003). To further assess the
genetic diversity of the Azorean populations, with the
aim of understanding the demographic history of the
Azores, studies of markers from the non-recombining
region of the Y-chromosome (NRY) have been under-
taken (this study; Pacheco et al. 2004). Here we report
on the frequency of Y-chromosome haplogroups found
in Azorean populations. An assessment of the relative
diversity and phylogeographic context of the Azorean
Y-chromosome pool has also been performed.
Materials and Methods
One hundred and eighty five unrelated individuals born
in the Azores and of Azorean ancestry were sampled
by buccal swabs. Sample location was defined using
the island of origin of the earliest known paternal an-
cestor (corresponding at least to the paternal grandfa-
ther’s birthplace). Twenty-two individuals were from the
Western island group, 76 from the Central group and 87
from the Eastern group. Voluntary donors were asked
for informed consent and to fill in a genealogical ques-
tionnaire concerning the birthplaces of all their known
ancestors.
The polymorphic sites in our study included a
set of 20 previously published binary NRY markers
(Table 1 and Figure 2). For some of these markers we de-
signed new primers to amplify shorter fragments. Mark-
ers M2, M9, M20, M26, M40 (SRY4064), M52, M60,
M74, M94, M167 (SRY-2627), M173, M174, M175,
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Figure 2 Phylogenetic tree of binary Y-chromosomal
haplogroups as defined by the markers typed in this study.
Italicized markers were not typed, but their allelic states in the
chromosomes analyzed can be deduced from the YCC2003
phylogenetic tree (Jobling & Tyler-Smith, 2003).
M207 and M213 were typed by PCR followed by diges-
tion with restriction enzymes. Markers M170 and M201
were resolved by sequencing. Marker 12f2 (Casanova
et al. 1985) was typed according to Rosser et al. (2000),
using a new designed reverse primer. Primers and con-
ditions for PCR typing the LLY22g marker (Zerjal
et al. 1997) were kindly provided by C. Tyler-Smith
and will be published elsewhere. The Y Alu-insertion
polymorphism (YAP) at DYS287 was typed as de-
scribed by Hammer & Horai (1995). We followed a
hierarchical typing, starting with the M9 marker. Sam-
ples with the ancestral state for this marker were then
typed for M213. Subsequent ancestral state samples
were typed for YAP and M94, successively. Additional
genotyping of samples carrying the derived alleles for
each of these markers was restricted to markers on the
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Table 2 NRY haplogroup distribution in the total sample of the Azores and in the three groups of islands
N (%)
Haplogroup Markera,b Azores Western Central Eastern
A M91(M94-) 0 0 0 0
B M60 0 0 0 0
C M216,M94(M60-,YAP-,M213-) 0 0 0 0
D M174 0 0 0 0
E(xE3a) SRY4064(M2-) 24 (13) 5 (22.7) 7 (9.2) 12 (13.8)
E3a M2 0 0 0 0
F(xH,J,K)c M213(M52-,12f2a-,M9-) 5 (2.7) 1 (4.5) 4 (5.3) 0
G M201 6 (3.2) 2 (9.1) 1 (1.3) 3 (3.4)
H M52 0 0 0 0
Ic M170 2 (1.1) 0 2 (2.6) 0
I(xI1b2) M170(M26-) 6 (3.2) 1 (4.5) 4 (5.3) 1 (1.1)
I1b2 M26 8 (4.3) 3 (13.6) 2 (2.6) 3 (3.4)
J 12f2a 16 (8.6) 2 (9.1) 11 (14.5) 3 (3.4)
K(xL,N,O,P) M9(M20-,LLY22g-,M175-,M74-) 5 (2.7) 0 2 (2.6) 3 (3.4)
L M20 2 (1.1) 0 0 2 (2.3)
N LLY22g 0 0 0 0
O M175 0 0 0 0
P(xR) M74(M207-) 1 (0.5) 1 (4.5) 0 0
Rc M207 3 (1.6) 0 3 (3.9) 0
R1c M173 1 (0.5) 0 1 (1.3) 0
R1(xR1b3f) M173(M167-) 102 (55.1) 6 (27.3) 37 (48.7) 59 (67.8)
R1b3f M167 4 (2.2) 1 (4.5) 2 (2.6) 1 (1.1)
Total 185 22 76 87
aMost distal mutated marker according to the YCC2003 tree (Jobling & Tyler-Smith, 2003) (and relevant markers with confirmed
ancestral state, denoted by a minus ‘-’ symbol).
bItalicized markers were not typed, but their allelic states in the chromosomes analyzed can be deduced from the YCC phylogenetic
tree.
cSamples belonging to these haplogroups were not tested for additional markers because DNA was finished.
appropriate branch of the YCC haplogroup tree (Jobling
& Tyler-Smith, 2003). The YCC updated phylogeny
(YCC2003; Jobling & Tyler-Smith, 2003) was followed
to name the haplogroups. Differences in proportions
of haplogroups were assessed by the Fisher exact test.
An exact test of population differentiation (Raymond
& Rousset, 1995) was used to compare the haplogroup
distribution between populations. ANOVA and t-tests
were used to compare Nei’s genetic diversities.
Results and Discussion
Table 2 shows the distribution of Y chromosome hap-
logroups in the Azores Islands. Chromosomes belong-
ing to haplogroup R1(xR1b3f) were the most frequent
(55.1%). Haplogroup R1, by far the most frequent in
European populations (Semino et al. 2000), embraces
several subgroups showing different phylogeographies.
Hurles et al. (1999) proposed that subgroup R1b3f, de-
fined by the marker M167 (SRY-2627), arose in Iberia,
and nowadays reaches high frequencies only in Basques
and Catalans. In the Azores, R1b3f chromosomes were
found at a low frequency (with a minimum of 2.2%),
in agreement with previous results for other Portuguese
and Spanish samples (Rosser et al. 2000). Haplogroup
E(xE3a) was the second most frequent in the Azores,
and was represented by 13% of the chromosomes ana-
lyzed. This proportion is statistically similar to those re-
ported for North (10.7%; Rosser et al. 2000 and 11.9%;
Carvalho-Silva et al. 2001) and South Portugal (17.5%;
Rosser et al. 2000 and 24.5%; Pereira et al. 2000a). The
high frequency of this marker in South Portugal has been
considered as evidence of a genetic influx from North
Africa (Pereira et al. 2000a). Further analysis of E(xE3a)
C© University College London 2005 Annals of Human Genetics (2005) 69,135–144 139
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chromosomes in the Azores, Mainland Portugal, and
North and Sub-Saharan Africa would be relevant, to
assess to what extent these chromosomes were intro-
duced into the Azores by Portuguese settlers or were
directly brought by Moorish and/or sub-Saharan slaves.
Haplogroup I1b2 (M26), which reaches at least 4.3%
in the Azorean population, has been found in Sardinia
at a high frequency (34.6% to 48.7%) (Semino et al.
2000; Francalacci et al. 2003; Zei et al. 2003) and also in
Basques (4.4% to 9%) (Semino et al. 2000; Bosch et al.
2001). This haplogroup is rarely found in other West-
ern European populations (Semino et al. 2000). Unfor-
tunately, the marker defining this group has not been
tested in Mainland Portugal, and therefore it is difficult
to discuss whether the I1b2 chromosomes found in the
Azores came with Portuguese settlers or, alternatively,
represent signs of a direct Italian (Sardinian) or Basque
influx. The frequency of Haplogroup J (12f2a) found in
our sample (8.6%) is statistically similar to that found in
North (6.4%; Rosser et al. 2000 and 6.5%; Carvalho-
Silva et al. 2001) and South Portugal (8.7%; Rosser et al.
2000). This haplogroup is frequent in the Middle East
(Rosser et al. 2000; Semino et al. 2000) and in several
Jewish groups (Hammer et al. 2000; Nebel et al. 2001),
reaching its highest frequency among Cohanim Jews
(both Ashkenazim and Sephardim) (Behar et al. 2003).
Other haplogroups represented in the Azores Islands are
G (3.2%) and L (1.1%). Haplogroup G (M201) is in-
creasingly distributed from Western to Eastern Europe
(Semino et al. 2000), and haplogroup L (M20) has been
found in India (Jobling & Tyler-Smith, 2003). As both
G and L have not been resolved for other Portuguese
samples, their presence in the Azores need to be further
investigated.
When comparing the global Y chromosome hap-
logroup distribution of the Azores with that of samples
from Mainland Portugal (Rosser et al. 2000) no signifi-
cant differences were found (exact test of population dif-
ferentiation; P = 0.895 for South and P = 0.753 for
North Portugal). Furthermore, Principal Components
(PC) analysis showed that the Azorean population is
a typical Western European population (Figure 3).
When comparing the three groups of islands, impor-
tant differences were detected, particularly concerning
the Western group, which proved to be the most dif-
ferentiated in the PC analysis (Figure 3). In fact, hap-
logroup frequencies across the three groups of islands
are statistically different (exact test of population differ-
entiation; P < 0.003), likely due to differences in the
frequency of: (i) haplogroups E(xE3a), G, and I1b2, that
are more frequent in the Western group; (ii) haplogroup
J, that is more frequent in the Central group, and (iii)
haplogroup R1 that shows a noticeable decrease in fre-
quency from the Eastern to the Western group (Table 2).
The Western group was the most differentiated, show-
ing differences from both the Central (exact test of pop-
ulation differentiation; P = 0.025) and Eastern (exact
test of population differentiation; P = 0.008) groups.
Differences between Central and Eastern groups were
not significant (exact test of population differentiation;
P = 0.063). Of particular interest are the differences
in E(xE3a) proportions since, as mentioned before, this
haplogroup may contain sub-Saharan haplotypes. The
presence of African slaves has been well documented
for several Azorean islands, namely for the two islands
that constitute the Western group (Flores and Corvo)
(Gomes, 1997; Lima, unpublished data), in which we
found the frequency of E(xE3a) chromosomes (22.7%)
to be higher when compared to the Central (9.2%) or
the Eastern (13.7%) groups. This result becomes more
relevant if we consider that mtDNA data did not show
evidence of sub-Saharan African influences in the West-
ern group (Santos et al. 2003), as might be expected.
Biodemographic analysis showed that the number of
male and female slaves that came to these groups of is-
lands was similar (Lima, unpublished data). Genetic drift,
invoked as the force responsible for the atypical mtDNA
haplogroup distribution observed in the Western group
(Santos et al. 2003), could also be responsible for the loss
of sub-Saharan mitochondrial lineages, disregarding dif-
ferences in the female composition at the time of settle-
ment. In fact, the Western group has the lowest number
of inhabitants and therefore should be the most sensi-
tive to drift. Meanwhile, the high frequency of E(xE3a)
chromosomes, and the low frequency of chromosomes
belonging to the European R1 haplogroup, seem to in-
dicate that the male composition at settlement may have
been different for the Western group of islands.
To further investigate the differences found amongst
groups of islands we compared the Y-chromosome di-
versity relative to the respective mtDNA diversity. This
comparison is useful to detect differences in the fitness or
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Figure 3 PC analysis of data from Rosser et al. (2000), the total sample from the
Azores and from the Western, Central, and Eastern groups (values in %). The first
PC accounts for 62.63% of the variance, whereas the second accounts for 18.32%.
Alg, Algerian (N = 27); Arm, Armenian (N = 89); NAf, Northern African (N
= 129); Bas, Basques (N = 26); Bel, Belgian (N = 92); Chu, Chuvash (N = 17);
Cz, Czech (N = 53); Dan, Danish (N = 56); Dut, Dutch (N = 84); Est, Estonian
(N = 207); Fr, French (N = 40); Ger, German (N = 30); Grk, Greek (N = 36);
Hun, Hungarian (N = 36); It, Italian (N = 99); Nor, Norwegian (N = 52); Oss,
Ossetian (N = 47); Pol, Polish (N = 112); NPort, Northern Portuguese (N
= 328); SPort, Southern Portuguese (N = 57); Slv, Slovakian (N = 70); Trk,
Turkish (N = 167); Ukr, Ukrainian (N = 27); WSc, Western Scottish (N = 120);
Sp, Spanish (N = 126) from Rosser et al. (2000).
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Table 3 Nei’s gene diversity (Hˆ) and its standard error (s.e.) (Nei,
1987), estimated for NRY and mtDNA data for the total sample
of the Azores and for the three groups of islands
NRYa mtDNAb
Population N Hˆ s.e. N Hˆ s.e.
Azores 174 0.6265 0.0381 146 0.8490 0.0201
Western 21 0.8571 0.0466 36 0.8127 0.0393
Central 66 0.6499 0.0571 60 0.8011 0.0418
Eastern 87 0.5215 0.0608 50 0.8637 0.0307
aPartially typed samples were removed.
bReanalysis of data from Santos et al. (2003). Samples were
regrouped into the following haplogroups: H,I,J,L,M,N,T,U2-
3,U5,U6,K,V,W,X,R∗ , and Other.
migration rate of males and females (Seielstad et al. 1998;
Oota et al. 2001). Table 3 shows the Nei’s diversity values
of NRY and mtDNA obtained for the three groups of
islands. An increase in NRY diversity from East to West
is observed, resulting in the highest value for the Western
group. Statistical analysis showed that the NRY genetic
diversity between the groups of islands is significantly
different (ANOVA, F = 4.156; P = 0.0173). Further-
more, the diversity observed in the Western group is
significantly different to that observed in the Central
(t-test; t = 2.811; P = 0.0063) or in the Eastern (t-
test; t = 4.381; P < 0.0001) groups. Meanwhile, the
diversity values between the Central and Eastern groups
are not statistically different (t-test; t = 1.498; P =
0.1363). Reanalysis of mtDNA data reported previ-
ously (Santos et al. 2003) showed that the mitochondrial
DNA diversity is not statistically different (ANOVA;
F = 0.7847; P = 0.4582) among the three groups of
islands. Differences in Y-chromosome variability, ob-
served within the Archipelago, could be explained by
a differential male composition during settlement, con-
trary to the similar female compositions that have been
deduced from mtDNA data. As the number of male and
female African slaves arriving into the Western group has
been determined as similar to other island groups (Lima,
unpublished data), as previously mentioned the differen-
tial Y-chromosomal composition probably results from
the low number of European male settlers, as evidenced
by the low frequency of haplogroup R1.
In conclusion, the Y-chromosome distribution in the
Azores is similar to the distribution observed in other
Western European populations, with no differences be-
ing detected relative to samples from mainland Portu-
gal. Better resolution should be obtained by assessing
variation within haplogroups, by means of microsatellite
analyses (Pacheco et al. in this issue), although a detailed
study of Mainland Portugal is still required, especially
for haplogroups R1, E(xE3a), J and I1b2. This analy-
sis of the Y chromosome composition of the Azorean
population allowed the detection of particular character-
istics that could be related to specific migration events
that have occurred since the time of settlement. Fur-
thermore, we have found differences in the NRY vari-
ability among the three groups of islands forming the
Archipelago. The comparison of the Y-chromosome
and mitochondrial Nei’s genetic diversity between the
groups of islands provided clues about the processes re-
sponsible for this differentiation, suggesting a differen-
tial male composition at the time of settlement of the
three groups of islands. This observation precludes con-
sidering the Azores as an unstructured population, and
indicates that a representative sampling of each island is
required to adequately describe its variability, both for
population genetic studies and for forensic purposes.
Overall, the results obtained clearly exemplify the
utility of comparing patrilineal and matrilineal variabil-
ity and support the idea that the Azorean populations
may emerge as a model to study the effects that isola-
tion, genetic drift and differential settlement composi-
tion may have had in shaping the variability found in
present day populations.
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